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Abstract 3 
This study sought to establish the reliability of the Nordic hamstring exercise (NHE) in male youth 4 
football players. Sixty-four youth football players completed two x three repetitions of the NHE, 5 
separated by one week. Eccentric hamstring strength was during the NHE using the NordBord. 6 
Participants were categorised via maturity offset (based on peak height velocity [PHV]) and age. For 7 
all dependent variables and groups, the typical error (TE) was greater than the smallest worthwhile 8 
change. Reliability for left, right, bilateral and relative peak force for the U11s (TE=0.26 to 11.1N, 9 
coefficient of variation (CV) = 5.9 to 7.4%), U13s (TE=0.28 to 17.9N, CVs=5.6 to 7.8%) and U16s 10 
(TE=0.28 to 24.3, CVs=6.6 to 8.7%) was favourable and demonstrated no clear pattern between 11 
groups. According to PHV, those less mature provided smaller TEs (0.22 to 9.3N) and CVs (4.8 to 5.7%) 12 
compared to their more mature counterparts (TE=0.30 to 22.5N, CVs=7.2 to 8.5%). For all age and 13 
maturation groups, imbalances yielded poor reliability (TE=7.1 to 10.8N, CVs=33.1 to 38.3%). Eccentric 14 
left and right limb, bilateral and relative hamstring peak force can reliably be measured during the 15 
NHE across maturation stages. Applied practitioners should exercise caution when assessing muscular 16 
imbalances using the NHE. 17 
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Introduction 3 
Strength refers to the maximal force or torque that the skeletal muscles can exert 1 and is dependent 4 
on the muscle contraction type (e.g. concentric, isometric or eccentric) and velocity. For example, 5 
when compared to eccentric contractions, concentric and isometric contractions exhibit lower peak 6 
forces 2. Furthermore, for the youth athlete, strength is an important part of sporting performance 3. 7 
That is, strength is moderately and strongly correlated with sprint (r = > -0.60) and jump performance 8 
(r = > -0.76), respectively 4 and is integral for the performance of fundamental movement skills 3.  9 
Strength increases naturally throughout maturation 5 and is underpinned by neural and 10 
muscular alterations 6–9. For those who want to maximise a youth’s strength gain, resistance training 11 
is a potent method for enhancing strength 10. However, the magnitude of strength adaptations to 12 
resistance training can be dependent on maturation status, amongst other factors 10. For example, 13 
strength adaptations are greater in boys during, and after, peak height velocity (PHV) than before PHV 14 
11. When resistance training (e.g. traditional high intensity training, Olympic lifting) youths in the pre-15 
, mid- and post-PHV stages can expect enhancements in strength that range from 3.5 to 36% 12,13, 1.1 16 
to 44.4% 14,15 and 8.7 to 44.5% 16,17, respectively. 17 
Despite the well-documented strength increases with resistance training in youths, eccentric 18 
muscle actions have received little attention in the literature. Although speculative, this might be 19 
owing to coach perceptions of eccentric contractions. That is, the high force and lengthening nature 20 
of eccentric actions might cause damage to the muscle. However, it has consistently been reported 21 
that bouts of eccentric exercise in youths results in similar, and often attenuated, symptoms of 22 
exercise induced muscle damage, as compared to adults 18–20. When used longitudinally, eccentrically-23 
biased training can provide a range of benefits including enhanced concentric and eccentric strength 24 
21, change of direction ability 22,23, sprint and jump performance 23,24 and decreased injury incidence 24. 25 
Moreover, a recent meta-analysis concluded that the Nordic hamstring exercise (NHE) can induce 26 
positive changes in muscle architecture and strength 25. Notwithstanding the performance related 27 
benefits, the NHE has the ability to reduce hamstring injuries by up to 51% in a sample of 8459 athletes 28 
26 and is advocated within youth soccer injury prevention programmes 27 This is particularly important 29 
when considering that hamstring strains account for 12% of injuries among 17 top fight European 30 
soccer teams 28 and is considered the most important injury risk factor 29. Though these injury rates 31 
are lower in youths compared to adults, injury prevention is still an important issue in youths as its 32 
occurrence negatively affects participation in sport and can have medical implications30. Before the 33 
efficacy of such a training study can be investigated, the reliability of the test must first be determined. 34 
Consequently, accurate assessment of eccentric hamstring strength via a field-based measure such as 35 
the NHE is warranted. Whilst the reliability of the NHE has been determined in adults 31, there is no 36 
available data in youths. Previous work has established that isokinetic eccentric 32 and isometric 37 
hamstring 33 muscle actions can be reproduced within acceptable limits in males youth (~13 and 17 38 
years, respectively). However, these authors did not ascertain if maturation altered the reliability of 39 
these exercises. This is a concern in testing the youth athlete as disrupted motor coordination can 40 
occur around the interval of maximal growth 34. Thus, it is plausible that the reliability of a test could 41 
change as it is used across the maturational spectrum 35. A study that determines the reliability of 42 
measures of eccentric hamstring strength across maturation stages would help applied practitioners 43 
monitor strength adaptations with confidence. Whether for athlete support or inclusion in research, 44 
the importance of exercise test reliability is well established 36,37. Moreover, by establishing the 45 
reliability of an exercise test, a practitioner/research can identify if a change has occurred due to a 46 
training intervention rather than biological variation or maturation 37. Consequently, the aim of this 47 
study is to establish the reliability of the NHE in male youths using a field-based device (NordBord). A 48 
further aim was to establish if maturation stage, determined by both chronological age and maturity 49 
offset, influences the reliability of the NHE. 50 
 51 
 4 
Methods 1 
Subjects 2 
Sixty-four male youth football players aged between 10 and 16 years took part in the study (Table 1). 3 
All participants were free from lower-limb musculoskeletal injuries, physically active and participated 4 
regularly in association football training. None of the participants were involved in any formalised 5 
strength and conditioning programmes and had no prior experience of performing the NHE. Parental 6 
informed consent was obtained for the study which was approved by the host institutions ethics 7 
committee. 8 
[Insert Table 1 about here] 9 
 10 
Study design 11 
This study employed a repeated measures design in which participants performed the NHE on six 12 
separate occasions. Before each performance participants complete a standardised warm up 13 
consisting low-intensity jogging, change of direction, jumping tasks and dynamic lower-limb 14 
stretching. In the first four sessions, participants were familiarised to the NHE. Participants were 15 
deemed ‘familiarised’ when they could perform multiple repetitions with the correct technique (see 16 
below). These familiarisation trials were not used for analysis. For the testing trials participants 17 
attended on two occasions , separated by seven days. During each testing trial, participants completed 18 
three repetitions of the NHE. Participants did not report any symptoms of exercise-induced muscle 19 
damage (e.g. reduced muscle function or elevated muscle soreness). 20 
 21 
Methodology 22 
Anthropometry 23 
Age, stature and body mass were obtained prior to testing. Participants’ standing and seated height 24 
were measured using a stadiometer (Seca Model 213, Birmingham, England). Body mass was 25 
measured using a calibrated electronic scale (Seca Model 813, Birmingham, England). Maturity offset 26 
was calculated using age, body mass, standing and seated height 38. This method provides a practical, 27 
non-invasive and accurate measure of maturation status 38. Pre-PHV and mid-post PHV participants 28 
were categorized as exceeding -2 years and between -1 to +2.5 years, respectively, from PHV. In 29 
addition, participants were categorised chronologically by age (i.e. under 11, 13 and 16 years).  30 
 31 
Eccentric hamstring strength 32 
Eccentric hamstring strength was determined using the NHE on the NordBord (Nordbord, Vald 33 
Performance, Australia). The NHE is deemed a reliable marker of peak eccentric hamstring force in 34 
adult males athletes (coefficient of variation (CV) % = 5.8 to 8.5%) 31. Participants were instructed to 35 
kneel on the padded part of the NordBord and were positioned with their ankles secured with padded 36 
hooks, which were attached to load cells. Participants were positioned so that their ankles were 37 
perpendicular to the lower limb and the hooks superior to the lateral malleolus. Participants were 38 
instructed to gradually lower their upper-body whilst trying to resistance the movement by 39 
contracting the hamstrings. With trunk and hips in a neutral position, participants were encouraged 40 
to maintain an upright posture. Coaching cues (i.e. “stay as tall as you can”, “slowly fall like a tree”) 41 
were provided. During the movement, participants arms were flexed at the elbow so that their palms 42 
were pronated at shoulder level. In the final stages of the movement participants were allowed to use 43 
their hands to buffer their fall. The researchers assisted in returning the participants back to the 44 
starting position. Participants performed three repetitions with a self-selected rest that ranged from 45 
10 to 15s. The NordBord provides peak forces for each limb thus bilateral peak force was determined 46 
by averaging the three scores from each limb. Bilateral peak force was divided by body mass to 47 
established relative peak force. The imbalance in peak force between limbs was calculated as the 48 
absolute difference between left and right limbs. 49 
 50 
Statistical analysis 51 
 5 
The average value of peak force (N) across the three repetitions was used for analysis. Data was found 1 
to be normally distributed according to the Shapiro-Wilk statistic (P > 0.05). A paired samples t-test 2 
was used to determine the differences in peak force metrics between trials 1 and 2. The reliability of 3 
the NHE was quantified via the typical error (TE; standard deviation of the differences divided by √ 2) 4 
and CV (TE divided by the grand mean test-retest score, multiplied by 100) statistics 39. The smallest 5 
worthwhile change (SWC; 0.2 multiplied by the shared standard deviation) was calculated to provide 6 
a practical interpretation of the findings. The dependent variables were considered capable of 7 
detecting small changes if the TE was less than the SWC 40. 8 
 9 
Results 10 
The descriptive characteristics for the NHE across groups and for the entire sample is presented in 11 
table 2. A paired samples t-test revealed a significant bias from trial 1 to trial 2 for 25 of the 30 12 
comparisons (P < 0.05). For all dependent variables and for all comparisons, the TE was greater than 13 
the SWC (Table 3). Across the age groups, the CVs for left (CV% = 5.6 to 7.4), right (CV% = 5.9 to 8.7), 14 
bilateral (CV% = 6.1 to 7.4) relative peak force (CV% = 6.3 to 6.6) were generally favourable and 15 
revealed no clear trend in agreement. The peak force imbalance between left and right limbs 16 
demonstrate poor agreement between trials (CV% = 33.1 to 38.3) across the age groups. Reliability 17 
for those pre-PHV was better than those mid-post-PHV for left (CV% = 5.7 vs 6.9, respectively), right 18 
(CV% = 4.8 vs 8.5, respectively), bilateral (CV% = 4.9 vs 7.3, respectively), relative peak force (CV% = 19 
5.0 vs 7.2, respectively) and the imbalance (CV% = 35.3 vs 36.1, respectively).  20 
 21 
[Insert Tables 2 and 3 about here] 22 
 23 
Discussion 24 
We sought to establish the reliability of the Nordic hamstring exercise using a field-based device in 25 
male youth soccer players. We report that certain measures of peak force (i.e. individual limits, 26 
bilateral and relative force) can be reproduced within acceptable limits for this population. A 27 
secondary aim was to investigate if maturation affected the reliability of the NHE. Whilst reliability 28 
was not different across chronological age groups, those classified as pre-PHV demonstrated better 29 
agreement between trials than those in the mid-post-PHV group.  30 
 Atkinson and Nevill 36 propose that the reliability of a measure/test is dependent on the 31 
setting that it is applied in. For youths who resistance train, lower-body strength (maximal force, 32 
torque or kilograms) can increase by up to 44.5% 12–17 depending on maturation stage. As such a 33 
variation of 10% (i.e. a CV of 10%) would allow such improvements to be detected. Importantly, the 34 
TE and SWC can be incorporated to facilitate the analysis 37. 35 
The reliability for the whole sample, for left, right, bilateral and relative peak force was 36 
generally favourable (CV% = 6.3 to 8.3), albeit none of the TEs were able to detect the SWC. Previous 37 
work has also reported good reliability for eccentric hamstring exercise in circumpubertal males (r = 38 
0.71 to 0.85) 32 and isometric hamstring dynamometry in male youths (minimal detectable change = 39 
11.8 to 15.9%) 33. Similarly, during the NHE (in adult males) Opar and colleagues 31 reported low CVs 40 
for peak force (5.8 to 8.5%). However, our study adds to the current body of literature by 41 
demonstrating poor reliability of lower-limb strength asymmetry during the NHE (TE and CV of 9.1N 42 
and 36.9%, respectively). It is unclear why such poor reliability was observed, especially given the good 43 
agreement observed for left and right limbs individually. Irrespective of the mechanism, this data 44 
indicates that when assessing muscular imbalances during the NHE across a range of ages, applied 45 
practitioners should be cautious.  46 
 When categorising the participants by chronological age, reliability was similar across U11 47 
(CV% = 5.9 to 7.4%), U13 (CV% = 5.6 to 7.8) and U16 (CV% = 6.6 to 8.7) groups, although none of the 48 
TE were lower than the SWC. Conversely, when categorised by maturity offset those in pre-PHV group 49 
demonstrated better reliability (TE = 0.22 to 9.3N, CV% = 4.8 to 35.5) than the mid-post-PHV group 50 
(TE = 0.30 to 22.5, CV% = 6.9 to 36.1). The reliability observed for these maturity groups can 51 
 6 
comfortably detect the increases in strength that occur in those pre- (~36%) 13 and mid-post-PHV 1 
(~44.5%) 15. However, practitioners should adopt caution when establishing muscular imbalances 2 
using the NHE across maturation stages given the large random errors (TE = > 8.1 N and CVs > 35.5%). 3 
That we observed better reliability in those pre-PHV than their more mature counterparts, might be 4 
due to the well-established disruptions in motor performance that occur during maturation 34. 5 
Moreover, these data reinforce the importance of catergorising youths by maturation rather than 6 
chronological age 11,41. Nonetheless, the reliability of left and right limb, bilateral and relative peak 7 
force for the mid-post-PHV group was still acceptable and thus typical changes in strength can still be 8 
detected.  9 
 In the present study, we observed a systematic bias for several of the dependent variables. 10 
While the reasons for this are not entirely clear, the larger values in trial 2, than trial 1, might be 11 
indicative of short-term adaptation to the exercise. That participants were given four familiarisation 12 
attempts before the testing trials and could competently perform the exercise might support this. 13 
Nonetheless, applied practitioners should consider these short-term changes when assessing peak 14 
force variables using the NHE. 15 
 16 
Conclusion 17 
To our knowledge, this is the first study to provide a comprehensive assessment of Nordic hamstring 18 
exercise reliability in male youth soccer players. We report that, despite not being able to detect the 19 
small changes, the reliability of the exercise in generally favourable. Notably, the reliability in less 20 
mature (i.e. pre-PHV) participants was generally better than their mid-post-PHV counterparts. 21 
Nonetheless, applied practitioners can be confident in assessing changes in eccentric hamstring 22 
strength using the NHE. However, when assessing muscular imbalances using the NHE, applied 23 
practitioners should exercise caution given the large random errors. 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
 49 
 50 
REFERENCES 51 
 7 
1.  Knuttegen HG, Komi P V. Strength and Power in Sport. In: Komi P V., ed. Strength and Power in 1 
Sport. 2nd ed. Oxford, UK: Blackwell Publishing Company; 2003:3-11. 2 
2.  Duchateau J, Enoka RM. Neural control of lengthening contractions. J Exp Biol. 3 
2016;219(2):197-204. 4 
3.  Lloyd RS, Faigenbaum AD, Stone MH, et al. Position statement on youth resistance training: 5 
The 2014 International Consensus. Br J Sports Med. 2014;48(7):498-505. 6 
4.  Comfort P, Stewart A, Bloom L, Clarkson B. Relationship between strength sprint and jump 7 
performance in well-trained youth soccer players. J Strength Cond Res. 2014;28(1):173-177. 8 
5.  Branta C, Haubenstricker J, Seefeldt V. Age changes in motor skills during childhood and 9 
adolescence. Exerc Sport Sci Rev. 1984;12(1):467-520. 10 
6.  Kraemer WJ, Fry AC, Conroy B, Frykman PN, Hoffman J. Resistance training and youth. Pediatr 11 
Exerc Sci. 1989;1(4):336-350. 12 
7.  Granacher U, Goesele A, Roggo K, et al. Effects and mechanisms of strength training in children. 13 
Int J Sports Med. 2011;32:357-364. 14 
8.  Ramsay JA, Blimkie CJR, Smith K, Garner S, MacDougall JD, Sale DG. Strength training effects in 15 
prepubescent boys. Med Sci Sports Exerc. 1990;22(5):605-614. 16 
9.  Tonson A, Ratel S, Fur Y Le, Cozzone P, Bendahan D. Effect of maturation on the relationship 17 
between muscle size and force production. Med Sci Sports Exerc. 2008;40(5):918-925. 18 
10.  Moran J, Sandercock GRH, Ramírez-Campillo R, Meylan C, Collison J, Parry DA. A meta-analysis 19 
of maturation-related variation in adolescent boy athletes’ adaptations to short-term 20 
resistance training. J Sports Sci. 2016;35(11):1041-1051. 21 
11.  Moran J, Sandercock GRH, Ramirez-Campillo R, et al. Maturation-related differences in 22 
adaptations to resistance training in young male swimmers. J Strength Cond Res. 23 
2018;32(1):139-149. 24 
12.  Meylan CMP, Cronin JB, Oliver JL, Hopkins WG, Contreras B. The effect of maturation on 25 
adaptations to strength training and detraining in 11-15-year-olds. Scand J Med Sci Sport. 26 
2014;24(3):156-164. 27 
13.  Chaouachi A, Othman AB, Hammami R, Drinkwater EJ, Behm DG. The combination of 28 
plyometric and balance training improves sprint and shuttle run performances more often than 29 
plyometric-only training with children. J Strength Cond Res. 2014;28(2):401-412. 30 
14.  Channell BTC, Barfield JP. Effect of Olympic and traditional resistance training on vertical jump 31 
improvement in high school boys. J Strength Cond Res. 2008;22(11):1522-1527. 32 
15.  Szymanski DJ, Szymanski JM, Molloy JM, Pascoe DD. Effect of 12 weeks of wrist and forearm 33 
training on high school baseball players. J Strength Cond Res. 2004;18(3):432-440. 34 
16.  Kotzamanidis C, Chatzopoulos D, Michailidis C, Papaiakovou G, Patikas D. The effect of a 35 
combined high-intensity strength and speed training program on the running and jumping 36 
ability of soccer players. J Strength Cond Res. 2005;19(2):369-375. 37 
17.  Harries SK, Lubans DR, Callister R. Comparison of resistance training progression models on 38 
maximal strength in sub-elite adolescent rugby union players. J Sci Med Sport. 2016;19(2):163-39 
169. 40 
18.  Gorianovas G, Skurvydas A, Streckis V, Brazaitis M, Kamandulis S, McHugh MP. Repeated bout 41 
effect was more expressed in young adult males than in elderly males and boys. Biomed Res 42 
Int. 2013. 43 
19.  Pullinen T, Mero A, Huttunen P, Pakarinen A, Komi P V. Resistance exercise-induced hormonal 44 
response under the influence of delayed onset muscle soreness in men and boys. Scand J Med 45 
Sci Sport. 2011;21:184-194. 46 
20.  Deli CK, Fatouros IG, Paschalis V, Avloniti A. A comparison of exercise-induced muscle damage 47 
following maximal eccentric contractions in men and boys. Pediatr Exerc Sci. 2017;29:316-326. 48 
21.  Walker S, Blazevich AJ, Haff GG, Tufano JJ, Newton RU, Häkkinen K. Greater strength gains after 49 
training with accentuated eccentric than traditional isoinertial loads in already strength-50 
trained men. Front Physiol. 2016;7:1-12. 51 
 8 
22.  de Hoyo M, Sañudo B, Carrasco L, et al. Effects of 10-week eccentric overload training on kinetic 1 
parameters during change of direction in football players. J Sports Sci. 2016;34(14):1380-1387. 2 
23.  de Hoyo M, de la Torre A, Pradas F, et al. Effects of eccentric overload bout on change of 3 
direction and performance in soccer players. Int J Sports Med. 2015;36:308-314. 4 
24.  de Hoyo M, Pozzo M, Sañudo B, et al. Effects of a 10-week in-season eccentric-overload training 5 
program on muscle-injury prevention and performance in junior elite soccer players. Int J 6 
Sports Physiol Perform. 2015;10:46-52. 7 
25.  Cuthbert M, Ripley N, Mcmahon JJ, Evans M, Haff GG, Comfort P. The effect of Nordic 8 
hamstring exercise intervention volume on eccentric strength and muscle architecture 9 
adaptations : A systematic review and meta‑ analyses. Sport Med. 2019;EPUB. 10 
doi:10.1007/s40279-019-01178-7 11 
26.  Van Dyk N, Behan FP, Whiteley R. Including the Nordic hamstring exercise in injury prevention 12 
programmes halves the rate of hamstring injuries: A systematic review and meta-analysis of 13 
8459 athletes. Br J Sports Med. 2019;(August 2018):1-10. 14 
27.  Owoeye OBA, Akinbo SRA, Tella BA, Olawale OA. Efficacy of the FIFA 11+ Warm-Up Programme 15 
in Male Youth Football: A Cluste...: EBSCOhost. J Sport Sci Med. 2014;(December 2013):321-16 
328. 17 
http://web.a.ebscohost.com.ezproxy.library.unlv.edu/ehost/pdfviewer/pdfviewer?vid=3&sid18 
=66859ceb-8540-4bf1-a8c3-dc4fb95c5ac6%40sessionmgr4002&hid=4106. 19 
28.  Ekstrand J, Hägglund M, Waldén M. Injury incidence and injury patterns in professional 20 
football: The UEFA injury study. Br J Sports Med. 2011;45(7):553-558. 21 
29.  Read PJ, Jimenez P, Oliver JL, Lloyd RS. Injury prevention in male youth soccer: Current 22 
practices and perceptions of practitioners working at elite English academies. J Sports Sci. 23 
2018;36(12):1423-1431. https://doi.org/10.1080/02640414.2017.1389515. 24 
30.  Valle X, Malliaropoulos N, Párraga Botero JD, et al. Hamstring and other thigh injuries in 25 
children and young athletes. Scand J Med Sci Sport. 2018;28(12):2630-2637. 26 
31.  Opar DA, Piatrkowski T, Williams MD, Shield A. A novel device using the Nordic hamstring 27 
exercise to assess eccentric knee flexor strength: A reliability and retrospective injury study. J 28 
Orthop Sports Phys Ther. 2013;43(9):636-640. 29 
32.  Kellis E, Kellis S, Gerodimos V, Manou V. Reliability of isokinetic concentric and eccentric 30 
strength in circumpubertal soccer players. Pediatr Exerc Sci. 1999;11:218-228. 31 
33.  Wollin M, Purdam C, Drew MK. Reliability of externally fixed dynamometry hamstring strength 32 
testing in elite youth football players. J Sci Med Sport. 2016;19(1):93-96. 33 
34.  Quatman-Yates CC, Quatman CE, Meszaros AJ, Paterno M V, Hewett TE. A systematic review 34 
of sensorimotor function during adolescence: A developmental stage of increased motor 35 
awkwardness? Br J Sports Med. 2012;46(9):649-655. 36 
35.  Moeskops S, Oliver JL, Read PJ, et al. Within- and Between-Session Reliability of the Isometric 37 
Midthigh Pull in Young Female Athletes. J Strength Cond Res. 2018;32(7):1892-1901. 38 
36.  Atkinson G, Nevill A. Statistical methods for assssing measurement error (reliability) in 39 
variables relevant to sports medicine. Sport Med. 1998;26(4):217-238. 40 
37.  Fernandes JFT, Lamb KL, Twist C. The intra- and inter-day reproducibility of the FitroDyne as a 41 
measure of multi-jointed muscle function. Isokinet Exerc Sci. 2016;24(1):39-49. 42 
38.  Mirwald RL, Baxter-Jones ADG, Bailey DA, Beunen GP. An assessment of maturity from 43 
anthropometric measurements. Med Sci Sports Exerc. 2002;34(4):689-694. 44 
39.  Hopkins WG. Measures of reliability in sports medicine and science. Sport Med. 45 
2000;30(5):375-381. 46 
40.  Pyne DB. Interpreting the results of fitness testing. In: International Science and Football 47 
Symposium. ; 2003:1-6. 48 
41.  Moran J, Sandercock G, Clark CCT, Fernandes JFT, Drury B. A meta-analysis of resistance 49 
training in female youth: Its effect on muscular strength, and shortcomings in the literature. 50 
Sport Med. 2018. 51 
52 
 9 
Table 1. Anthropometric characteristics of the participants 1 
 2 
  All (n=64) U11 (n=17) U13 (n=29) U16 (n=18) Pre-PHV (n=29) Mid-post-PHV (n=35) 
Age (y) 13.2 ± 1.7 10.8 ± 0.3 12.1 ± 0.7 15.4 ± 0.4 11.6 ± 0.9 14.5 ± 0.9 
Mass (kg) 52.3 ± 12.8 42.0 ± 3.7 39.6 ± 2.5 63.7 ± 6.6 40.0 ± 3.8 62.3 ± 7.2 
Stature (cm) 161.9 ± 13.4 148.6 ± 2.8 149.2 ± 4.7 173.9 ± 6.7 148.4 ± 5.1 172.4 ± 6.7 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 10 
Table 2. Mean ± standard deviations values for left, right and bilateral peak flexor force, relative peak force and peak force imbalances during the Nordic 1 
hamstring exercise 2 
 3 
*denotes significantly different between trials 1 and 2 (P < 0.05). 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 Left limb (N) Right limb (N) Bilateral force (N) Relative force (N・kg) Imbalance (N) 
  Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 
U11 141.7 ± 42.8 159.1 ± 44.7* 165.2 ± 41.8 176.1 ± 40.2* 153.5 ± 40.3 167.6 ± 41.7* 3.9 ± 0.9 4.2 ± 1.0* 29.5 ± 17.7 20.5 ± 10.3 
U13 211.8 ± 51.7 221.3 ± 55.7 220.0 ± 52.1 240.4 ± 63.2* 215.9 ± 51.1 230.9 ± 58.6* 4.3 ± 0.7 4.5 ± 0.7* 18.8 ± 15.6 24.3 ± 14.7* 
U16 244.5 ± 65.3 264.7 ± 54.6* 260.4 ± 55.5 296.1 ± 59.8* 252.5 ± 58.9 280.4 ± 56.0* 4.0 ± 1.1 4.4 ± 1.1* 25.5 ± 18.9 32.4 ± 22.7 
Pre-PHV 157.8 ± 41.8 168.4 ± 37.5* 175.7 ± 39.5 183.5 ± 36.4* 166.7 ± 38.7 176.0 ± 35.9* 4.2 ± 0.9 4.4 ± 0.9* 25.4 ± 17.0 20.3 ± 11.0 
Mid-post-PHV 234.9 ± 64.8 252.4 ± 61.5* 247.5 ± 57.8 280.2 ± 66.0* 241.2 ± 60.0 266.3 ± 62.8* 4.0 ± 0.9 4.4 ± 0.9* 22.8 ± 18.3 29.9 ± 19.3* 
All 202.4 ± 66.2 217.0 ± 65.0* 216.8 ± 61.2 239.0 ± 71.8* 209.6 ± 62.5 228.0 ± 67.7* 4.1 ± 0.9 4.4 ± 0.9* 23.5 ± 17.5 25.6 ± 16.8 
 11 
Table 3. Reliability statistics for left, right and bilateral peak flexor force, relative peak force and strength imbalances during the Nordic hamstring exercise 1 
 2 
    Left limb Right limb Bilateral force Relative force Imbalance 
All TE (N) 14.0 18.9 15.4 0.27 9.1 
 SWC (N) 4.0 5.3 4.4 0.08 2.6 
  CV (%) 6.7 8.3 7.0 6.3 36.9 
       
U11 TE (N) 11.1 10.0 9.8 0.26 9.6 
 SWC (N) 3.1 2.8 2.8 0.07 2.7 
 CV (%) 7.4 5.9 6.1 6.3 38.3 
U13 TE (N) 12.1 17.9 14.1 0.28 7.1 
 SWC (N) 3.4 5.1 4.0 0.08 2.0 
 CV (%) 5.6 7.8 6.3 6.3 33.1 
U16 TE (N) 18.3 24.3 19.8 0.28 10.8 
 SWC (N) 5.2 6.9 5.6 0.08 3.1 
 CV (%) 7.2 8.7 7.4 6.6 37.3 
       
Pre-PHV TE (N) 9.3 8.7 8.4 0.22 8.1 
 SWC (N) 2.6 2.5 2.4 0.06 2.3 
 CV (%) 5.7 4.8 4.9 5.0 35.5 
Mid-post-PHV TE (N) 16.7 22.5 18.4 0.30 9.5 
 SWC (N) 4.7 6.4 5.2 0.09 2.7 
 CV (%) 6.9 8.5 7.3 7.2 36.1 
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